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E¥FECT OF A TRAILING-EDGE EXTENSION ON THE

CHARACTERISTICS OF A PROPEZLLER SECTION

By Theocdore Theodorsen and (George W. Stickls
STMMARY

A convenlent technical method is presented to
evalvate changea In the alrfoll characteristices resuvlting
from oo 2xtencicn of the chord =t the tralling edge of a
propzi Ller blaede section, Tha nmethod dsatermines the
changs in the anglc of zero 1ift, the ldeal angle of
atfack and the difference in these angles (upon which
the deslgn 1i1ft coefflcient depends) as a4 function of the
angle and length of the trailing-~dge extension. The
treatment 1s hasad diveotly upcn the thin-sirfoll theory
end 1c thus concsrned cnly with tThe mean ceamber line of
the sxoiion, ~'"f”m]m and detailad coaputations are
givarn w0 illustrsts ine spplication of the method. The
methcd i¢ appllicable to all propeller sections and is
short enocugh to permlt use in practical design.

INTRODUCTION

A flat sheet of metul 1s scometimes atta"hed to the
tralling edge of a pﬂopeL]er blade in ordsr to lncrease
the prepsller solidity for a glven blade desizn. The
addition of the flat‘sheet on the tralling edge of the
propeller blade changes the characteristics of the blade
section, The new characteristics are dependent upon
the angle of the extension, the length of the extension,
and the original airfoil sectlion., The problem of
determining the angle at which the sheet should be added
and the effect of this anb]e or. the angle of zero.1lift,the
ideal angle of attack, and the design 1ift coefficlent
is the subjeect c¢f this paner.

The 1deal sangle of attack 1s defined as the angle
at which the front stagnation polnt is at the leading
edge of the alrfoll. The design 1ift coefficient is
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defined as the 11t coefricisant of the alrfoll when set
at the ideal angle of atback, If the deslgn 1lift coel
clent, so defined, corresponds to the onerating condltion
of tlie propeller section, the alrfoil section has a
cainher that gilves 1t the bighest critical spced (best
rressure distribution) obtalnable for the cperating
condition witiy the camber and thickness distribution
which dexine the alrfoil,

A relative change in the aznglss of zero 11ft of the
alrfoil scct;ouh along the propeller radius In effect
Canges the pftch dletrl ovtion of the »nroepeller., The
angle of the tralling-elge extcnslon thu3j permits soms
selection of the nlitch diabrihation of the propreller,
This report shows how thils sffect may be evaluated.

The method of this report is based on the concert
of the examination of the mean camber line from thin-
alrfcil theory of refersnce 1. The method has bsen

chacked {or acecuracy with ths nicre complete hut more
difficult metheds of raferencaes 2 and 3 and found to
e In good agreement for thin zectlons as uscd on
propeller blades.

Experimental data on alefoil sectlion 1ift coeffi-
clants as a function of angle of atiack &are generally
usad in analyzing propsller operation., 3ince expseri=-
mental data for alrfell sectlons with extendsd flaps
are not avalilable, theoretlicsl cslculetions must be
used in naly“ing propeller operation with trailing-
edgs extension flaps. Ixperimental and LheoruticaL
values or 1lift cesfficient as a function of anzgle of
attack rarely are in rerfect agreement., The discrep-
ancy irncreases with airfoil section camber and thickness
and makes 1t dAifficult to compare results when theo-
rotical and experimental valuss are used together. TFor
this resascn the éifference in the airfoll characteristics
between uhe original snl the extendced ajrfoll secticns
arc used in the spplication of the results cf thls report
te n*opel]er ansly3is,

METHOD OF ANALYSIS

Czlculation of the angle of zsro 1ift, the idesl
angle of attack, and ths deslgn 1ift cosfliclent 13
based on the et*wi wation nf the mean camber line of the
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alrfoil section. The method 13 adapted from reference 1,
which gives a discussion of its theoretical background
and validity. The nresent paper applies the solution

tc thie particular pvrorlem of sxtended flaps on airfoil
sections and presents the method in & form that makes

i1t easily applicable to this snecific problem. Thse

steps 1n the procedure are as follows:

(1) Ohtain the ordinate v at an abscisza x of the
camher line of the alrfoill from a line jo!ring the ends
of the camter line,

(2) Calculate the function P Ifrom

v
= e e, e g B . Sy 1
V::(l - X) (1)

(%) Calculate € for the nose of the alrfoil:

LM - fo.0125,
0 /‘ =~ dx - d[ 3 0% (2)
v(.0125 0

o

ERE)
2l

The first term of equation (2) Is integrated graphically.
The second term, which may be denoted as Aey or

] 0.0125p

7 ] 7 o
v O

0.0125

1 v

T o d

”:/2 xVx(L - x) * (3)

may be evaluated, however, 1f the term 1 - x 1s taken
equal to unity. This substitutlon causes an error of
only 0.6 of 1 percent in the Ae¢y term or approximately
0.2 of 1 percent in ¢€y. Then,

, [0.0125
Aey = = ~ dx (L)
N
™ I) 373
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An approximate equation for the part of the camber
line firom x = 0 to x = 0,0125 may be written in the fcrm
or

¥y = ¢cx = bx2

where ¢ 1is the slope of the carber lire at x = 0O,
and b Is a constant that will make the ordinate at
x = 0,0125 equal tc the vy ordinate of the camher
line. (3ee fig. 1.)

It may be shown that the 1ntegr11 of equation (L)
1s equal to

]

)

A 2 v
ey = —Loo [Vl * = (exp - "1>J (
s 5
where x3 and yy arve ths values of x and y at the
cormon limlt of the grarhical and analytical integrations.
The valve o' x at wihlch the graphical integration is
stepped and the analytical begun may be anywbhere in the
region of x = 0,0125, When exicnsicn flans ars added,
the moast convenient valuwe 1s less than x = 00,0125

(L) calcuvlate € for the taill of the sectlon in
the same manner as €y 13 calculated by revlacling
X by 1 - x:

2.6575 1
- 1 ’ P 3_ P 3 ‘.
GT’-ﬁf 1-xdx+ﬂf T - x X (¢)
0 0.9875 —

(5) The angle of zero lift in degrees is given by

@y, = 57.3¢ (7)

(6) The 1deal angle of attack 1an degrees is glven
by

o

ap = -28.6 (ET + "N) (3)

(7) The difference between a3, &and ar 1s the

angle upon which the design 1ift coefficient depends.

If the slope of the 1ift curve a 1is known for the

section, the design 11ft coefficient may be calculated by
/s

Ory = a(er - o) (9)

CONTIDENTTAL
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As wag explained in the Introduction, these com-
putationg are most scecurate for values Lo b= vsed in
comparicson of the orizinal and the extended airfoil
scetions, If used in this manner, the commutaticone
glve ail accurate picture ol the clhianze in the onerating
conditirns of the proaoi]or sections when any angle or
length <I oAvcnslon is uced.

Tnie methiod for two representotive eramples is siven
in the appendlx and computations fer Lour exanples ars
given in tables I to IV. The ex~uiples are Jor an
MACA l6-scrics ailrfoil sectior and a Clerk YV airfoil scco-
ticn, The N.GA 1{=series saction has a des ign 1iift coel-
ficisnt of 0.5 and, since ouly the maarn camhcr line 1s
employed in the caleoulations, is designatzd 16-5¥X, which
apprlieg To an airfoil of zers or anv other thickness,

NRTIULTS AND DISCULSION

Computaticna havs been made for aa Nich 16-5X4 air-
foil sectina witn ar extension of 20 nurcent of ths chord.
The rcsuvlts are ziven in fisure 2 &3 a function of tho
angle of externslou measured “rom a straisht line joining
the ends of tle nmeen carber lins of the crisinal ajrifoil,
The an,]c o) zere 1ift, the i1deai anzgle ol attack, and
the dirlerence hetween the two anjles of the originel
aLerforl are shown in Tigure 2.1 Tke anzle of extsnsion
would have to be 2.7°9 to malke ths angle of zero 1lirt
equal to that ol the original alrfoil, 13.2° to keep
the 1deal angle of attack unchanged, and € to make
the difiserence batvween the two angles the same, which
would mean equal design 1ift coelficients lfor the

11t is inherant in the mobhod that these calculated
angles are rieasurcd from a straight line joining the
extremities of the mean caaber line of the extended air-
foil seetion., I it 1s ¢ssired to refer thase anglss o
the camber line of the original airroil sesction, the
fellowing formula sives the anzular difference ay

between the two r~ferernce lines:

ixtension length

sin (Angle of extencion)

Chord

Txtens ion length .
Chord ) cos (Angle of extension)
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originsl and extended a2irfoils. If the angle of
extension 1s medic 13.209 go that the idesl sngle cf
ettrclk remeins unchanged, breskewey of the flow ot low
1ifc coefficients might be encountered,

Figure 3 gives the regults for e 20-nercent extension
on & Clerk Y eirfoil of 1.83-percent cember, which corre-
sponds to s stenderd Clerk Y section of 6H-percent
thickness., The angle of the extension that glves
cheracteristics equivelent to the original eirfoil 1is
seen to ve gre~tly reduced over thet of figure 2 becsuse
of the sm~l1ll emount of cember for the originel sirfoil,

The results sre shown in figure 4 for a 20-percent
extension on o Clerk Y eirfoil of 5.,49-percent cember,
which corresponds to a standerd Clark Y section of
approximately 18-percent thickness or to a double
cambered Clerk Y section of thinner section with &
deslgn 1ift cocefficient between 0.5 #nd 0.7. These
results were calculeted to investigete the effect of
cember 2lone,

The results for o LO-percent extension on o
Clsrl: ¥ alrfoll of 5.40-percent cember sre presented
in figure 5, The engle of the extension to malntelin
the srime desian 1ift coelficlient as the baslic eirfoil
l1s aprroximetely the seme for both the 20- »nd the
40 -percent extensions,

Figure 6 gshows & comperison of the o and the
ap - aj, curves for the four condltions lnvestigated.
It mey be observed thet the slopes of the a, curves

0

sre o1l approximetely equel et & value of 0.35° per
degree of the angle of the extension. The reesson for
this condition can be seen from exeminetion of eque -
tions (6) end (7) along with figures 7 snd 8. The velue
of oy ls defined by ¢np, eond from figure 8 it cen

be seen thet the treiling edze of the ailrfoil 1s the

dominating factor in determining ¢ps The ap - ag
0

curves are seen to very more in slope then the o
0

curv-.3, Cember of the origlnel airfoil section merely
shif'ts the veolue of azo for a glven extension =ngle,

CONFIDENTIAL
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The length of the extension hss the seme effect as
crmder, The longer the extension the less cember the
extended eirfoil hes for o given angle,

CONCLUSIONS

A convenient technicel method heg been presented
to eveluaie chenges in the eirfoil cheracteristics
resulting Irom sn extension of the chord st the tralling
edge of e propeller blsde section, The method determines
the chenge in the engle of zero 1ift, the ide=l angle of
etteck, and the difference in these angles (upon which
the design 1ift coefficilent depends) es a function of
the engle end iength of the troiling cdge extension ond
permits the 2djustment of the angle of the extension of
the chord to comply with =ny requirements regarding the
engle of zero 1ift or the design 1ift coefficient,

It wee found thet for the ceses considerced the
charecteristics obtelned by thils short method were
ectueliy in perfect egrecment with dete colenleted by
the exsct methed of the erbitrery airfoll theory.
This sgreement iz, of course, not necessarily true
for thisk sections cr extreme casss of curvature nesp
the extremitles of the chord. On the other hond, for
normel cases the mothod is sufficiently accurate for
ell technicel purposes,

Langley Memorial Aeronsuticel Laborstory
Natiocnel Advisory Committee for Aeronsutics
Langley Field, Va,
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APPERDIX

COMPUTATIONS IN DETAIIL

Tables T and II contalin the detalled computaticns
for an MACA 16-5X¥ alrfoil section for the original air-
foil and for the airfoil extended 20 percent. Tables IIT
and IV conbain the de*alled coamputatiorns for a standard
6-percont-thick Clark Y airfoll with and without an
extended traililng edge of 20 percent, Table V gives the
camber ordinstes for WACA lé-series airfoil sectlons
and table VI,the camber ordinates for Clark Y sections,

Tackh ster In cbtaining the results for the
NACA 16-5XX zection wlthout trailing-edge extenslon is
explained in cetail for table I, Thz ateps that are
differsnt hecause the alrfoll is extended are explained
for table II.
Exarmpls T - Characteristics of FACA 16-5XX Airfoil

The numvers Iin narentheses refer to column mubers
in table I,

(1) By use of tablie V, celect values of x to be
used.

(2) Subtract wvalues of x from unity.

(3) Multiply (1) by (2).

(L) Take square rcot of (3).

(5) Obtain ordinate of mean camber line from
tabls V by multiplying values in table V by

thedesign 1ift coefficlent of 0.5 and convert
to fracticns lnstead of percent.

(6) pivide (5) by (L).

(7) pDivide (6) by (1).

8, Plot (7) against (1) between the values of
x = 00,0125 eand x = 0,95 and extend the
curve to x = 1.0 &as shown Iin figure 7.

CONTIDINTIAL
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9. Integrate with a planimeter hetween the limlts
cf x = 0,025 eand =x = 1.0,

.10. Calculate Aey from equatlon (5):

2 -~
AGN = ——'7::;:3"}7'1 + = (CXl - yl)-l
Ty X1 L 5 J
when
xy = C.0125
¥y, = 0.00268
c = C.6223L x 0,5 = 0,31117
then
Dey = = 2o {0,00268 + 0.00001)
’ 0,211dir
= 0.0169

11, Calculate €y from equation (2) and the results
cf steps 9 and 10

1
“% Zoax - agy
J0.0125"

N
or
ey = wQ;%?ié - 0.0199

= -0.0789

12. Since the NACA 16-5¥X airfoil hes a symmetrical
camber line,

&y = =€

13, From equation (7) calculate angle of zero 1ift
(IL:
o}

il

az

-5T7.3¢eq |
-57.3(0.0789) -
= -}.52°

1l;. From equation (8) calculate the i1deal angle of
attack a7
ap = -28.6(eq + €y)
:Oo

G

i
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15. Calculate the difference ag = a4t

_ )
ap - gy, = 0+ 452

= | ,52°

Example IT - Characteristics of NACA 16-5XX Airfoil
with 20~-Percent Extension

Calculations are presented for the characteristics
of the NACA 16-5XX alrfoil with a 20=percent extension
set at an sngle of 7.38° to the 1line joining the ends
of the msan camber line. This angle 1s egual to the
angle formed by & stralght line drawn through the ¥y
ordinate at 90 percent of the chord and the end of the
mean camber line.

The numbers 1In parentheses refer to column numbers
in talble TI.

(1) Selsct valuss of xp (abecissa of alrfoil with
extended additions).

(2) Obtain valuess of ¥y from table I (ordinate
of airfoil with eXtended additions).

(3) Compute Ay from

X2

1.2

where yéT is the ordinate v, at x, = 1.2.

by = RER

() adéa (2) and (3).
(5) convert (ly) to unit chord by dividing by 1.2.

(6) Convert (1) to unit chord by dividing by 1.2.

~J

. Add a station at x = 0,9875., The 7y ordinate
1s obtained by proportion since the extension
is a straight line,

8. When the coordinates of the mean camber line
are obtalned from the base of a straight line
jeining the ends of the mean camber line of
the extended airfoil, the example proceeds
in the same manner as example I until ey 1s
obtained.

CONFIDENTTIAL
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TABLE I.- CALCULATIONS FOR NACA 16-5XX ATRFOIL

(1) (2) (3) () (5) (6) (7)
1 - x |x(1-x){yx( -x) §= P/x
T hi-omxel VO L T e
(5)/¢k) | (/1)
0 1.60 [0 0 - *
.0125  ,9875) .0123| ,1109 .0027! 0.0212 11.936
.05 <95 LOL751 2179 00791 L0363 .726
.10 .50 .0900} .3000 .0129| L0431 Q31
.20 .80 .1600| .L00O .0195( .04L98 2h9
.30 .70 .2100| .4583 L0243 L0530 177
L0 .60 2Lhool L899 .0268)  .o5L7 .137
50 .50 .2500( .5000 .0276 0552 .110
60 | Lo .2L00| 4899 | .0268} .osk7 | .O91
70 30 .2100! 1,583 o231 L0530 L0756
.80 .20 .1600] .LLooo .0199] 098 .62
.90 10 .0900| .3000 .0129] .ol31 ,0l8
.95 .05 LOh751 L2179 . 0079 .0363 , 0383
|t |0 jo o o
& =.-0,0789 a; = L5 i
ep = 020785 a3 = Q° ap - a3 = L.52°

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE III,- CALCULATIONS FOR CLARK Y AIRFOIL WITH 1,83-PERCENT CAMBER

(1)

CORRESPONDING TO STANDARD &-PERCENT THICK CLARK Y AIRFOIL

(2)

(3)

(4)

(5)

(6)

(7)

(8)

1 -x |x{1 - x) Vx(l - x) F= P/x -i—f_x
*howlax@| v | T AR =D e/
(5)/(4)

0 1,00 0 0 )
.0125{ .9875 | 0123 .1109 | .0015| 0.0135 | 1.080 | 0.0l4
.05 | .95 0475 .2179 | .0056 | .0257 514 | ,027
.10 | .90 . 0900 .3000 | .0096 | .0320 .320 | .036
.20 | .80 .1600 .4000 | 0148 | .03T0 .185 | .046
.30 | .70 +2100 4583 | .OL74 | .0380 127 | .054
.40 | .60 . 2400 4899 | .0183 | ,0374 L094 | ,062
.50 | .50 .2500 .5000 | .0178 | .,0356 o1 | .om
.60 | .40 . 2400 4899 | .o161| .0329 .055 | .o082
.70 | .30 .2100 4583 | 0132 | 0288 .041 | .096
.80 | .20 1600 .4000 | .0096 | .0240 ,030 | .120
.90 | .10 .0900 .3000 | ,0051 | ,0170 019 | .170
.95 | .05 L0475 .2179 | L0026 | L0119 .013 | ,238
.9875| 0125 | .o0123 .1109 | .0007 | .0063 .006 | .504

1,00 |0 0 0 0

¢y = =0.0481 ay, = -1.82° o - 2,390
¢p = 0,0318 ap = 0.47° L

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA ACR No, IL121 CONFPIDENTTAL 15
TABLE V.- CAMBER-LINT ORDINATES FOR
THE 16-SERIES AIRFOIL SECTTONS

lell values meagured in percent chord from chord line;
1ift coefficient, 1,0]

e R

____Statica __Ordinate Slope
0 0 0.6223)
125 .535 4771
2.5 .630 .29155
5 1.580 .2332
7.5 2.120 .19993

10 2.587 17486
15 3,36l 1380l
20 3.982 .11032
25 Ll7s L0873
30 u.861 C67L3
40 5.356 03227
50 5.515 0

60 5.356 . 03227
70 .861 L067L3
80 3.982 .110%2
90 2.587 17096
95 1.580 23132
100 0 .6223),

NATTONAL ADVISCRY
COMMITYTEE FOR AERONAUTICS

CONFIDENTIATL







NACA ACR No., ;121
TABLE VI.~ MEAN-CAMBER AND THICKNESS ORDINATES FOR
- SECTION

CONFIDENTIAL

PANMILY OF AITTOILS SASED UPON CLARX

-—-‘
[ﬁll values are given 1n parcent of wing chord|

——

r—

Station‘ Mean-camber ordinate : Semitﬁickness
_m»_E,W_wmﬁm_"m“w.g,_w**ww . N
1,25 . 0822 L1504
2.5 1597 2150
5 3010 2979
7.5 Ji189 .3513
10 .5185 .3923
15 L6812 Ji50l
20 L6062 J,.8l2
30 ali57 .5000
1,0 1.C000 L4872
50 97352 Lip96
60 .8778 .3910
70 7223 21l
80 5207 .2231
90 2785 1197
95 1435 0637

100 0

L
L.E. radius: 0.009t2, T.E, radius: 0.005t.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CONFIDENTTIAL
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NACA ACR No. L4121

Figs.
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